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(54) Plasma processing apparatus 

(57) A plasma etching apparatus (1 00) has a central 
processing chamber (101). an upper exhaust chamber 
(103) thereabove, and a lower exhaust chamber (105) 
therebelow. The processing chamber (101), the upper 
exhaust chamber (103), and the lower exhaust chamber 
(1 05) are airtightly formed by a central casing part (CC), 
an upper casing part (UC), and a lower casing part (LC) 
which are separably combined. The upper and lower 
exhaust chambers (103, 105) are respectively con- 
nected to upper and lower exhaust pumps (124, 132). A 
susceptor (114) having a support surface (114a) for 
supporting a target object (W), and an upper electrode 
or shower head (102) opposing it are arranged in the 
processing chamber (101). A processing gas spouted 
through the shower head (102) flows upward and down- 
ward toward the upper and lower exhaust chambers 
(103, 105) via the processing chamber (101). 
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Description 

The present invention relates to an apparatus for 
performing a predetermined process including etching 
and deposition for a target object, such as a semicon- 
ductor wafer or an LCD substrate by using a plasma 
generated by discharge. 

In a process of manufacturing, e.g., a semiconduc- 
tor device, a plasma is generated in a processing vessel 
to perform various plasma processes including etching 
for a target object such as a semiconductor wafer in this 
plasma atmosphere. FIG. 11 is a schematic view show- 
ing the arrangement of a conventional plasma etching 
apparatus. In the apparatus of this type, upper and 
lower electrodes 12 and 14 are arranged to oppose 
each other in a processing chamber 10, as shown in 
FIG. 1 1 . A plurality of processing gas spouting holes 18 
are formed in the lower surface (i.e., a surface opposing 
the target object) of the upper electrode 12. An evacua- 
tion system 22 is connected to the lower side of the 
processing chamber 10 via a baffle plate 20. 

In etching, a processing gas is supplied to the 
processing chamber 10 through the spouting holes 18 
while evacuating the processing chamber 10. An RF 
power is applied from an RF power supply 16 to the 
lower electrode 14 (in some cases, an RF power is also 
applied to the upper electrode 12) to convert the 
processing gas into a plasma. By the plasma generated 
in this manner, a target object W is etched. 

In recent years, the capacity of the processing 
chamber increases along with increases in diameter 
and size of the target object requiring a higher effective 
exhaust rate. However, owing to the conductance of the 
baffle plate 20 for preventing the plasma from entering 
the evacuation system, a satisfactory effective exhaust 
rate cannot be obtained only by increasing the capacity 
of the vacuum pump of the evacuation system. 

The processing chamber 10 is constituted by 
assembling a plurality of parts 10a to 10d. For this rea- 
son, even if the conductivity between the respective 
parts 10a to 10d is improved as much as possible, the 
potentials (V1 to V4) of the respective parts 10a to 10d 
are different. As a result, the plasma is difficult to be 
confined in the processing space (above the target 
object) within the processing chamber. This problem is 
becoming more serious as the diameter and size of the 
target object increase. 

TTie top plate of the processing chamber constitut- 
ing the upper electrode 12 is freely openable. By open- 
ing this top plate, the inside of the processing chamber 
can be maintained. However, when the inner wall of the 
processing chamber is damaged, its repair is very diffi- 
cult to perform. 

To optimize the processing apparatus for each 
process, the processing gas, the plasma, and the flow 
of an exhaust gas or the like in the processing chamber 
must be controlled in accordance with each process. 
More particularly, parameters such as the flow rate of 


the processing gas to be supplied to the processing 
chamber, the diameter of the gas supply hole, the size 
of the gas supply region, the number of exhaust holes, 
and the exhaust amount of exhaust gas are desirably 

5 adjusted, as needed. However, adjustment of the 
parameters for each process is very cumbersome, 
resulting in an increase in initial cost. 

It is an object of the present invention to provide a 
plasma processing apparatus capable of ensuring a 

10 high effective exhaust rate so as to cope with a large- 
diameter, or large-size target object. 

it is another object of the present invention to pro- 
vide a plasma processing apparatus capable of effec- 
tively confining a plasma within a processing chamber. 

is It is still another object of the present invention to 
provide a plasma processing apparatus in which the 
inside of the processing chamber is easily subjected to 
a maintenance operation. 

It is still another object of the present invention to 

20 provide a plasma processing apparatus in which the 
flows of a processing gas, a plasma, an exhaust gas, 
and the like in the processing chamber can be easily 
controlled for each process. 

According to a first aspect of the present invention, 

25 there is provided an apparatus for processing a target 
object using a plasma, comprising: 

an airtight processing chamber; 

a work table having a support surface for support- 

30 ing the target object in the processing chamber; 

upper and lower exhaust systems for exhausting a 
gas from the processing chamber, and evacuating 
an interior of the processing chamber, the upper 
and lower exhaust systems flowing gas in the 

35 processing chamber upward and downward, 
respectively; 

a gas supply system for supplying a processing gas 
to the processing chamber; and 
an electric field generator for generating, in the 
40 processing chamber, an electric field for converting 
the processing gas into a plasma through dis- 
charge. 

According to a second aspect of the present inven- 
ts tion, there is provided an apparatus for processing a tar- 
get object using a plasma, comprising: 

an airtight processing chamber; 
a work table having a support surface for support- 
so ing the target object in the processing chamber; 

an exhaust system for exhausting a gas from the 
processing chamber, and evacuating an interior of 
the processing chamber; 

a gas supply system for supplying a processing gas 
55 to the processing chamber; and 

an electric field generator for generating, in the 
processing chamber, an electric field for converting 
the processing gas into a plasma through dis- 
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charge, 

wherein the processing chamber, except for 
the support surface of the work table, is defined by 
a central casing part having an integrally continu- 
ous inner wall surface exposed in the processing 5 
chamber, and a potential on the inner wall surface 
is set substantially uniform. 

According to the present invention, a gas is 
exhausted by separate evacuation systems from 10 
exhaust chambers set above and below a processing 
chamber. Even when the diameter and size of a target 
object increase, a sufficient effective exhaust rate can 
be ensured regardless of the conductances of upper 
and lower exhaust holes for communicating the upper 15 
and lower exhaust chambers with the processing cham- 
ber. 

According to the present invention, since the upper 
exhaust chamber, the processing chamber, and the 
lower exhaust chamber which constitute a plasma 20 
processing apparatus can be easily separated, the 
inside of the processing apparatus can be subjected to 
a maintenance operation easily and rapidly. 

According to the present invention, since the 
processing chamber is defined by an integrally continu- 25 
ous inner wall surface, except for a lower electrode por- 
tion, the potential in the processing chamber can be 
uniformed, so that the plasma can be effectively con- 
fined in the processing space. 

According to the present invention, if the difference 30 
in exhaust amount between the upper and lower 
exhaust systems is kept constant, an optimal gas flow 
can be formed in the processing chamber. Therefore, 
uniform plasma processing can be performed for the 
target object at a high selectivity and a high etching rate. 35 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

FIG. 1 is a schematic view showing the arrange- 40 
ment of a plasma etching apparatus as a plasma 
processing apparatus according to an embodiment 
of the present invention; 

FIG. 2 is a schematic exploded sectional view 
showing the apparatus shown in FIG. 1 ; 45 
FIG. 3 is a schematic sectional view showing the 
state of an upper exhaust chamber side taken along 
the line III - III in FIG. 2 when viewed from a 
processing chamber side; 

FIG. 4 is a schematic sectional view showing the 50 

state of a lower exhaust chamber side taken along 

the line IV - IV in FIG. 2 when viewed from the 

processing chamber side; 

FIG. 5 is a schematic perspective view showing a 

mechanism for separating the casing parts of the ss 

apparatus shown in FIG. 1 ; 

FIG. 6 is a schematic perspective view showing the 

state wherein the casing parts of the apparatus 


shown in FIG. 1 are separated using the mecha- 
nism shown in FIG. 5; 

FIG. 7 is a schematic view showing the arrange- 
ment of a plasma etching apparatus as a plasma 
processing apparatus according to another embod- 
iment of the present invention; 
FIG. 8 is a flow chart showing a method of control- 
ling the processing pressure in the apparatus 
shown in FIG. 7; 

FIGS. 9A and 9B are views, respectively, showing 
the gas flow in the processing chamber of the appa- 
ratus shown in FIG. 7; 

FIG. 10 is a schematic view showing the arrange- 
ment of a plasma etching apparatus as a plasma 
processing apparatus according to still another 
embodiment of the present invention; and 
FIG. 1 1 is a schematic view showing the arrange- 
ment of a conventional plasma etching apparatus. 

FIG. 1 is a schematic view showing the arrange- 
ment of a plasma etching apparatus 100 as a plasma 
processing apparatus according to an embodiment of 
the present invention. The etching apparatus 100 has a 
central processing chamber 101, an upper exhaust 
chamber 103 thereabove, and a lower exhaust chamber 
105 therebelow. The processing chamber 101, the 
upper exhaust chamber 103, and the lower exhaust 
chamber 105 are airtightly formed by three casing parts 
combined separably, i.e., a central casing part CC, an 
upper casing part UC, and a lower casing part LC. FIG. 
2 is a schematic sectional view showing the separated 
states of the casing parts CC, UC, and LC of the appa- 
ratus 100 shown in FIG. 1. 

The processing chamber 101 is substantially 
defined by the central casing part CC except for a lower 
electrode (to be described later), i.e., the support sur- 
face of a susceptor 114. The central casing part CC is 
prepared by integrally molding a conductive material 
such as aluminum into an almost cylindrical shape. Its 
inner surface is substantially smooth and anodized. 
That is, the substantially smooth, integrally continuous 
inner wall surface is exposed in the processing chamber 
101, except for the support surface of the susceptor 
114. 

According to this embodiment, the surface of the 
anodized film on the inner wall surface of the processing 
chamber 101 is covered with a coating to protect the 
anodized surface. This coating material includes PBi 
(polybenzimidazole) and a polyimide resin. As will be 
described later, a recoating process can be easily per- 
formed because the central casing part CC defining the 
processing chamber 101 can be easily detached from 
the plasma etching apparatus 100. Therefore, when any 
damage to the coating material is found, after process- 
ing of a predetermined lot completes, or after a prede- 
termined time elapses, the recoating process can be 
performed for the processing chamber 101. With this 
process, damage to the processing chamber 1 01 by the 
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plasma can be prevented to suppress occurrence of 
contamination from the damaged portion, and to pro- 
long the service life of the processing chamber 101. 

A ceiling 102 of the processing chamber 101 is 
formed to function as an upper electrode and as a 
shower head 107 for supplying a processing gas. For 
this purpose, many gas supply holes 104 are formed in 
almost the central portion (surface opposing the target 
object) of the ceiling 102, as shown in FIG. 3. The cen- 
tral and upper casing parts CC and UC are combined to 
airtightiy form the shower head 107 at the center of the 
doughnut-like upper exhaust chamber 103 so as to be 
isolated from the upper exhaust chamber 103. 

In the assembled state, the gas supply holes 104 
communicate with a processing gas supply pipe 106 
which stands at almost the center of the upper exhaust 
chamber 103 and is integrated with the upper casing 
part UC. The supply pipe 106 is connected to a 
processing gas source 108 via a mass-flow controller 
(MFC) 110. The processing gas from the processing 
gas source 108 is uniformly spouted into the processing 
chamber through the gas supply holes 104, while its 
flow rate is controlled by the MFC 1 10. FIG. 3 is a sec- 
tional view of the ceiling 102 of the processing chamber 
101 taken along the line III - III in FIG. 2 when viewed 
from the processing chamber 1 01 side toward the upper 
exhaust chamber 103 side. 

The upper casing part UC is connected to the lower 
end of the processing gas supply pipe 106, and has a 
cup 106a horizontally widening so as to cover the region 
where the gas supply holes 104 are formed. In assem- 
bling, an edge portion 106b of the cup 106a airtightiy 
contacts the upper surface of the ceiling 102 to airtightiy 
form the shower head 107 having the gas supply holes 
104. As the processing gas, various gases can be used 
in accordance with the type of plasma processing. To 
etch a silicon oxide film (SiO^. a CF-based gas such as 
CF 4 gas or CHF 3 gas can be used as an etching gas. 

As shown in FIG. 3, an upper baffle plate 112 hav- 
ing many upper exhaust holes 112a formed therein is 
arranged at the peripheral portions of the ceiling 102 of 
the processing chamber 101. When the central and 
upper casing parts CC and UC are combined to form 
the doughnut-like upper exhaust chamber 103, the 
processing chamber 101 and the upper exhaust cham- 
ber 103 are partitioned by the upper baffle plate 112, 
and communicate with each other through the upper 
exhaust holes 1 12a. The diameter of the upper exhaust 
hole 1 12a and the installation area of the upper baffle 
plate 112 are designed to prevent the plasma from 
entering the upper exhaust chamber 103 and to keep 
the conductance in exhaustion in order to ensure a nec- 
essary effective exhaust amount. 

The susceptor 1 14 is arranged at the center of the 
processing chamber 101 to function as a table for sup- 
porting the target object such as the semiconductor 
wafer W, as shown in FIGS. 1 and 4, and as a lower 
electrode. The susceptor 1 14 is attached to the bottom 


plate of the lower casing part LC for constituting the 
main part of the lower exhaust chamber 105. When the 
three casing parts CC, UC, and LC are separated, the 
susceptor 1 1 4 is accompanied by the lower casing part 

5 LC, and separated from the central casing part CC. As 
will be described later, the susceptor 114 is vertically 
movable. When its upper surface, i.e., a support surface 
114a is present at an upper position, as shown in FIG. 
1, it defines the center of the bottom portion of the 

w processing chamber 101 . FIG. 4 is a sectional view of 
the bottom of the processing chamber 101 taken along 
the fine IV - IV in FIG. 2 when viewed from the process- 
ing chamber 101 side toward the lower exhaust cham- 
ber 105 side. 

75 The susceptor 114 is arranged in a conductive 
holder 1 15, such that the susceptor 1 14 is surrounded 
by an insulating plate 111a and an insulating ring 111b, 
made of, e.g„ ceramics, and electrically separated from 
the holder 1 15. The conductive holder 1 15 is grounded 
20 through a conductive hollow tube 1 1 6 extending through 
the central portion of the lower exhaust chamber 105 (to 
be described later). Ball screw mechanisms 121 each 
having a vertical axis for elevating are connected to the 
holder 115. The ball screw mechanisms 121 are driven 
25 by an external motor (not shown), so that the holder 1 1 5 
is moved along with the susceptor 114 and the hollow 
tube 1 1 6 in a vertical direction. 

In loading/unloading the target object W in/from the 
processing chamber 101, the susceptor 114 is moved 
30 down to locate the support surface 1 1 4a at a lower posi- 
tion. At the lower position, the support surface 114a is 
flush with a gate valve 1 1 9 arranged on the side wall of 
the lower exhaust chamber 105. In etching, the suscep- 
tor 1 1 4 is moved up to locate the support surface 1 1 4a 
35 at the upper position. At the upper position, the upper 
surface of the target object W, i.e., the target processing 
surface placed on the support surface 1 14a is substan- 
tially flush with the upper surface of a lower baffle plate 
1 18 (to be described later). 
40 To ensure the airtightness of the processing cham- 
ber 101 and the lower exhaust chamber 105, an extend- 
ible airtight member, i.e., a bellows 120 is arranged 
between the susceptor 114 and the bottom portion of 
the lower exhaust chamber 105. A feed path 113 com- 
45 municating with the susceptor 114 is arranged inside 
the hollow tube 116. In processing, an RF power of, 
e.g., 13.56 MHz is applied from an RF power supply 1 1 7 
to the susceptor or lower electrode 1 14. As a result, the 
processing gas introduced into the processing chamber 
so 1 01 can be converted into a plasma to perform a prede- 
termined plasma process for the target object W. 

The susceptor 1 14 is made of aluminum having an 
anodized surface. A temperature adjustment means, 
e.g., a heating means (not shown) such as a ceramic 
55 heater, and a coolant circulating path (not shown) for 
circulating a coolant between the susceptor 1 1 4 and an 
external coolant source (not shown) are arranged inside 
the susceptor 114. With this arrangement, the target 
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object W placed on the susceptor 114 can be kept at a 
predetermined temperature. This temperature is auto- 
matically controlled by a temperature sensor (not 
shown) and a temperature control mechanism (not 
shown). An electrostatic chuck (not shown) or a s 
mechanical clamp mechanism (not shown) for fixing the 
target object W on the susceptor 114 are arranged on 
the support surface of the susceptor 1 1 4. 

As shown in FIGS. 1 and 4, the lower baffle plate 
118 having many lower exhaust holes 118a formed 10 
therein is arranged to surround the support surface 
1 14a, at the upper position, of the susceptor 1 1 4. At this 
upper position, the upper surface of the target object W, 
i.e., the target processing surface placed on the support 
surface 114a is set substantially flush with the upper is 
surface of the lower baffle plate 1 18, A suspension ring 
1 1 8b for surrounding the central portion of the suscep- 
tor 1 14 in a close state is attached to the inner edge por- 
tion of the lower baffle plate 1 1 8. A ring groove 1 1 5a for 
receiving the distal end of the suspension ring 1 18b is 20 
formed on the periphery of the insulating ring 1 1 1b sur- 
rounding the susceptor 114. 

The lower baffle plate 1 18 is constituted by part of 
the centra! casing part CC defining the processing 
chamber 101 . When the central and lower casing parts 25 
CC and LC are combined, and the support surface 1 1 4a 
of the susceptor 1 14 comes to the upper position, the 
processing chamber 101 and the lower exhaust cham- 
ber 105 are partitioned in the form shown in FIG. 1. At 
this time, the processing chamber 101 and the lower 30 
exhaust chamber 105 are partitioned from each other 
by the lower baffle plate 118, and communicate with 
each other through the lower exhaust holes 118a. At 
this time, communication between the processing 
chamber 101 and the lower exhaust chamber 105 35 
except for the lower exhaust holes 118a is essentially 
prevented because the suspension ring 1 1 8b surrounds 
the central portion of the susceptor 1 14 in a close state, 
while its distal end enters the ring groove 1 1 5a. 

Similar to the upper exhaust hole 112a and the 4c 
upper baffle plate 112, the diameter of the lower 
exhaust hole 1 18a and the installation area of the lower 
baffle plate 118 are designed to prevent the plasma 
from entering the lower exhaust chamber 105 and to 
keep the conductance in exhaustion in order to ensure 41 
a necessary effective exhaust amount. A focus ring con- 
sisting of silica or the like can be arranged at the inner 
peripheral portion of the lower baffle plate 1 18 to effec- 
tively direct the plasma on the target object W. 

As described above, the processing chamber 101 a 
is defined by the central casing part CC having a sub- 
stantially smooth, integrally continuous inner wall sur- 
face exposed, except for the support surface of the 
susceptor 114. The processing chamber 101 can be 
picked up as the central casing part CC by separating 5 
the casing parts CC, UC, and LC. With this arrange- 
ment, not only the processing chamber 101 can be eas- 
ily subjected to a maintenance operation, but also the 


potentials of portions except for the lower electrode 
(susceptor) 114 can be uniformed in processing. The 
reactive plasma generated in the processing chamber 
101 can be effectively confined in the processing space 
(the space above the target object W), resulting in an 
increase in processing speed. 

As described above, the upper exhaust chamber 
103 is airtightly formed by combining the central and 
upper casing parts CC and UC. The upper exhaust 
chamber 103 defines a doughnut-like space having the 
same diameter as that of the processing chamber 101 . 
The upper casing part UC for constituting the main part 
of the upper exhaust chamber 103 is made of, e.g., alu- 
minum. The inner wall surface of the upper exhaust 
chamber 103 is anodized. The upper casing part UC is 
airtightly fit in the upper side of the central casing part 
CC. In assembling, the interiors of the processing 
chamber 101 and the upper exhaust chamber 103 com- 
municate with each other through the upper exhaust 
holes 1 12a of the upper baffle plate 112. 

When the central and upper casing parts CC and 
UC are combined, the shower head 107 is airtightly 
formed in the above-described form so as to close the 
lower end portion of the doughnut-like hole of the upper 
exhaust chamber 103. The processing gas supply pipe 
106 extends through substantially the center of the 
doughnut-like hole of the upper exhaust chamber 103. 
and is connected to the shower head 107. A predeter- 
mined processing gas can be supplied into the process- 
ing chamber 101 through the gas supply holes 104 
formed in the ceiling 102 of the processing chamber 
101. 

An upper evacuation member constituted by a 
turbo-pump 124 is connected to the upper exhaust 
chamber 103 via a flow regulating valve or upper pres- 
sure regulating valve 122 to allow evacuation of the 
processing chamber 101 through the upper exhaust 
holes 1 12a. As will be described later, the driving timing 
and exhaust amount of the upper evacuation member 
are controlled by a controller 128 which receives an out- 
put from a pressure sensor 126 arranged in the 
processing chamber 101. 

The lower exhaust chamber 105 is airtightly formed 
by combining the central and lower casing parts CC and 
LC, as described above. The upper portion of the lower 
exhaust chamber 105 has a substantially cylindrical 
shape, similar to the processing chamber 101, and its 
lower portion which accommodates a driving unit such 
as an elevating mechanism for the susceptor 1 14 has a 

i substantially rectangular shape (see FIG. 5). The lower 
casing part LC for constituting the main part of the lower 
exhaust chamber 105 also is made of, e.g., aluminum, 
similar to the upper casing part UC, and its inner wall 
surface is anodized. The lower casing part LC is air- 

? tightly fit in the lower side of the central casing part CC. 
in assembling, the interiors of the processing chamber 
101 and the lower exhaust chamber 105 communicate 
with each other through the lower exhaust holes 1 18a of 
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the lower baffle plate 1 18. 

As described above, the vertically movable suscep- 
tor 1 14 is accommodated in substantially the center of 
the lower exhaust chamber 105. The gate valve 119 for 
loading/unloading the target object W is arranged on 
one wall of the rectangular lower portion of the lower 
exhaust chamber 105. The gate valve 119 communi- 
cates with a load-lock chamber (not shown) to allow a 
convey mechanism (not shown) such as a convey arm 
to load/unload the target object W in/from the etching 
apparatus 1 00 via the gate valve 1 1 9. In loading/unload- 
ing the target object W, the susceptor 114 is moved 
down to set its upper surface, i.e., the upper surface 
114a to the lower position corresponding to the gate 
valve 119. 

A lower evacuation member constituted by a turbo- 
pump 132 is connected to the lower exhaust chamber 
105 via a flow regulating valve or lower pressure regu- 
lating valve 130 to allow evacuation of the processing 
chamber 101 through the lower exhaust holes 118a. 
The controller 128 controls the driving timings and 
exhaust amounts of the upper and lower evacuation 
systems, and the processing gas supply amount in 
accordance with an output from the pressure sensor 
126. 

When the upper and lower evacuation systems are 
simultaneously driven, the driving timings are synchro- 
nously controlled by the controller 128. When a neces- 
sary effective exhaust rate is not so high, either one of 
the evacuation systems can be selectively driven. 

As described above, the plasma processing appa- 
ratus according to the present invention is characterized 
in that it is constituted by the upper exhaust chamber 
103, the processing chamber 101, and the lower 
exhaust chamber 105, and that their casing parts can 
be separated from each other. That is, since these cas- 
ing parts are constituted separably, maintenance can be 
performed more easily and immediately, compared to 
the conventional apparatus. 

In particular, according to the present invention, 
since the processing chamber 101 is integrally consti- 
tuted, potential differences in the processing chamber 
101 except for the susceptor 114 can be eliminated to 
promote confinement of the plasma. At the same time, 
the processing chamber 101 itself can be easily dis- 
mounted from the apparatus to facilitate maintenance of 
the inside of the processing chamber 1 01 which is read- 
ily damaged by plasma processing. When the surface of 
the anodized film constituting the inner wall of the 
processing chamber 101 is coated, as described above, 
if any damage to the coating material is found, after 
processing of a predetermined lot completes, or after a 
predetermined time elapses, a recoating process can 
be easily performed for the dismounted processing 
chamber 101. 

A mechanism 200 for separating the casing parts 
CC, UC, and LC of the etching apparatus 100 according 
to this embodiment, and its operation will be described 


below with reference to FIGS. 5 and 6. As shown in FIG. 
5, the upper casing part UC of the etching apparatus 
1 00 is fixed to two arms 202. The arms 202 are fixed to 
a base 206 rotatably attached to an elevating mecha- 

5 nism 204. The elevating mechanism 204 can be verti- 
cally moved along guide shafts 210 by rotating a 
trapezoidal screw 210 using a driving motor 208. 

When the etching apparatus 100 is to be disassem- 
bled in maintenance, the elevating mechanism 204 is 

10 first moved up, and the upper and central casing parts 
UC and CC are separated from the lower casing part 
LC. The base 206 is rotated to reverse the upper and 
central casing parts UC and CC upside down, as shown 
in FIG. 6. By reversing the upper and central casing 

75 parts UC and CC upside down in this manner, their 
inside can be easily cleaned. In the example shown in 
FIGS. 5 and 6, the turbo-pump 124 (see FIG. 1) 
attached to the upper casing part UC is not illustrated. 
By the mechanism 200, the turbo-pump 124 can also be 

20 moved up and rotated together with the upper casing 
part UC. Instead of this, it is also possible that the turbo- 
pump 1 24 is dismounted from the upper casing part UC, 
and then the upper and central casing parts UC and CC 
are separated from the lower casing part LC. 

25 After the upper and central casing parts UC and CC 
are separated from the lower casing part LC in this man- 
ner, the central casing part CC is dismounted from the 
upper casing part UC, as shown in FIG. 6. In the exam- 
ple shown in FIGS. 5 and 6, the central casing part CC 

30 is manually dismounted by a maintenance person. 
Alternatively, it may be automatically dismounted using 
a robot art or the like. Asserrtbling upon completion of 
the maintenance can be performed in an order reverse 
to the disassembling operation, and a detailed descrip- 

35 tion thereof will be omitted. 

An operation when the etching apparatus 100 
according to this embodiment performs etching for an 
oxide film (SiO^ on the semiconductor wafer W will be 
described in short. Note that the upper, central, and 

40 lower casing parts UC, CC, and LC of the etching appa- 
ratus 100 have already been assembled. 

The turbo-pump 124 connected to the upper 
exhaust chamber 103, and the turbo-pump 132 con- 
nected to the lower exhaust chamber 105 are interlock- 

45 ingly driven to reduce the pressure in the processing 
chamber 101 to a predetermined pressure through the 
upper exhaust holes 112a around the ceiling of the 
processing chamber 101 and the lower exhaust holes 
1 18a around its bottom portion. 

so After the susceptor 1 1 4 is moved down to the posi- 
tion of the gate valve 1 1 9, the gate valve 1 1 9 communi- 
cating with the load-lock chamber (not shown) is 
opened. The wafer W is placed by the convey arm (not 
shown) on the susceptor 114 in the lower exhaust 

55 chamber 105, and chucked by the electrostatic chuck 
(not shown) to the susceptor 114. After retreat of the 
convey arm from the lower exhaust chamber 1 05 is con- 
firmed, the gate valve 1 19 is closed, and the susceptor 
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1 14 is moved up to the processing position (the position 
shown in FIG. 1). 

While exhausting the gas, a processing gas such 
as CF4 gas is supplied from the processing gas source 
108 via the mass-flow controller 1 1 0 into the processing 
chamber 101 through the gas supply holes 104 in the 
lower surface of the upper electrode 102 of the process- 
ing chamber 101. The controller 128 which receives an 
output from the pressure sensor 126 arranged in the 
processing chamber 101 adjusts the operations of the 
upper and lower evacuation systems and the process- 
ing gas supply system to set and keep the interior of the 
processing chamber 101 at a predetermined pressure, 
e.g., 50 mTorr. That is, in the etching apparatus 100 
according to this embodiment, the interior of the 
processing chamber 101 is evacuated by both the upper 
and lower exhaust chambers 103 and 105 set above 
and below. Even when the capacity of the processing 
chamber 101 increases along with increases in diame- 
ter and size of the target object, the interior of the 
processing chamber 101 can be easily adjusted and 
kept at a predetermined reduced-pressure atmosphere 
regardless of the conductances of the upper and lower 
exhaust holes 1 1 2a and 1 18a. 

An RF power of, e.g., 13.56 MHz is applied from the 
RF power supply 1 17 to the lower electrode 1 14 to con- 
vert the processing gas introduced into the processing 
chamber 101 into a plasma. According to this embodi- 
ment, since the processing chamber 101 is integrally 
constituted except for the lower electrode 114, potential 
differences hardly occur in the processing chamber 
101, and the plasma can be effectively confined in the 
processing space to increase the processing speed. 

Upon completion of predetermined processing in 
the above manner, application of the RF power and sup- 
ply of the processing gas are stopped. Then, the sus- 
ceptor 114 is moved down to a convey position. The 
gate valve 1 1 9 is opened, and the processed wafer W is 
unloaded from the lower exhaust chamber 105 by the 
convey arm to complete a series of operations. 

In maintaining the etching apparatus 100, the cas- 
ing parts CC, UC. and LC are separated, and each part 
is subjected to a maintenance operation. The operation 
of separating these casing parts has already been 
described with reference to FIGS. 5 and 6, and a repet- 
itive description thereof will be omitted. 

FIG. 7 is a schematic view showing the arrange- 
ment of a plasma etching apparatus as a plasma 
processing apparatus according to another embodi- 
ment of the present invention. This embodiment is dif- 
ferent from the embodiment shown in FIG. 1 in that 
pressure sensors 126a and 126b are respectively 
arranged in upper and lower exhaust chambers 103 and 
105. Since the remaining constituent elements are the 
same as those in the embodiment shown in FIG. 1 , the 
same reference numerals denote the same parts, and a 
description thereof will be omitted. 

In the etching apparatus shown in FIG. 7, the pres- 


sure in a processing chamber 101 is controlled on the 
basis of the pressure difference between the upper and 
lower exhaust chambers 103 and 105. Detailed control 
will be explained with reference to a flow chart (steps 
s S200 to S280) shown in FIG. 8. Note that setting and 
adjustment of the openings of upper and lower pressure 
regulating valves 122 and 1 30, which are the main point 
of the pressure control method to be described below, 
can be performed without the pressure sensors 126a 
to and 1 26b of the upper and lower exhaust chambers 1 03 
and 105, but using only the pressure sensor 126 of the 
processing chamber 101 as a pressure detection 
means, like in the embodiment shown in FIG. 1 . 

In FIG. 8, a target object W is placed on a susceptor 
is 114 in the processing chamber 101 in the above 
described manner (step S200). The openings of the 
upper and lower pressure regulating valves 122 and 
130, and the set value of the pressure are input to a 
controller 128 (step S210). This set value is obtained in 
20 advance by a simulation or an experiment using a 
dummy wafer or the like in order to cause an optimal dif- 
ference in exhaust amount between the upper and 
lower exhaust chambers 103 and 105 so as to form a 
desired gas flow in the processing chamber 101 . 
25 The upper and lower pressure regulating valves 
122 and 130 are adjusted to predetermined opening 
degrees by an electrical signal from the controller 128. 
Upper and lower evacuation pumps 124 and 132 during 
operation perform evacuation to reduce the pressures in 
30 the processing chamber 101 , the upper exhaust cham- 
ber 103, and the lower exhaust chamber 105 to prede- 
termined pressures set in advance. Then, processing 
starts (step S220). 

The upper and lower pressure sensors 126b are 
35 respectively arranged in the upper and lower exhaust 
chambers 103 and 105 to measure the pressures in the 
respective discharge chambers and transmit detection 
signals to the controller 128. The controller 128 always 
monitors the pressures to attain, in the upper and lower 
40 exhaust chambers 103 and 105, pressures for causing 
an optimal gas flow in the processing chamber. 

Since the final control target of the pressure control 
method is the pressure in the processing chamber, only 
the pressure sensor 126 of the processing chamber 101 
45 may be used as the pressure detection means to control 
the upper and lower exhaust pumps 124 and 132 so as 
to adjust the detection value of the pressure sensor 126 
to a predetermined value, as shown in FIG. 1 . However, 
it is advantageous to respectively arrange the pressure 
so sensors in the upper and lower exhaust chambers 103 
and 105 to control the gas flow in the processing cham- 
ber 101 because the arrangement conditions of the 
pressure sensors in the exhaust chambers 103 and 105 
are relatively loose. 
55 Particularly, according to this embodiment, the 
upper and lower exhaust systems are controlled to keep 
the difference in exhaust amount constant. The differ- 
ence in pressure can be controlled to an optimal value 
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by associating the optimal value of the pressure in the 
processing chamber 101 with the difference in pressure 
between the upper and lower exhaust chambers 103 
and 105 in advance. 

For example, assume that an increase in pressure 
in the processing chamber 101 is determined from a 
change in pressure difference between the upper and 
lower exhaust chambers 103 and 105 (step S230). In 
this case, the controller 128 increases the opening 
degrees of the upper and lower pressure regulating 
valves 122 and 130, while the set opening difference, 
i.e., difference in exhaust amount between the upper 
and lower pressure regulating valves 122 and 130 is 
kept constant With this operation, the pressure in the 
processing chamber 101 can be quickly decreased to a 
predetermined pressure by a simple control system free 
from any disturbance (step S240). 

To the contrary, assume that a decrease in pres- 
sure in the processing chamber 101 is determined from 
a change in pressure difference between the upper and 
lower exhaust chambers 103 and 105 (step S250). In 
this case, the controller 128 decreases the opening 
degrees of the upper and lower pressure regulating 
valves 122 and 130, while maintaining the set opening 
difference, i.e., pressure difference between the upper 
and lower pressure regulating valves 122 and 130. With 
this operation, the pressure in the processing chamber 
101 can be quickly increased to a predetermined pres- 
sure (step S260). 

When it is determined that the pressure difference 
between the upper and lower exhaust chambers 103 
and 105 falls within a predetermined value, and there- 
fore the pressure in the processing chamber 101 falls 
within a set value, processing is continued without any 
step (step S270). In this manner, a desired gas flow can 
be formed in the processing chamber 101 to generate a 
uniform plasma, thereby performing predetermined 
processing for the target object W by using the plasma 
flow (step S280). 

An example of control of the gas flow, i.e., control of 
the plasma flow in the processing chamber 101 will be 
described with reference to FIGS. 9A and 9B. For exam- 
ple, assume that the upper pressure regulating valve 
122 is set to a predetermined opening degree, and the 
opening degree of the lower pressure regulating valve 
1 30 is increased to be larger than that of the upper pres- 
sure regulating valve 122, or that the lower pressure 
regulating valve 130 is set to a predetermined opening 
degree, and the opening degree of the upper pressure 
regulating valve 122 is decreased to be smaller than 
that of the lower pressure regulating valve 130. In this 
case, the ratio of the plasma flow in the processing 
chamber 1 01 flowing toward the lower exhaust chamber 
105 becomes higher than the ratio flowing toward the 
upper exhaust chamber 103, as shown in FIG. 9A. 

Assume that the upper pressure regulating valve 
122 is set to a predetermined opening degree, and the 
opening degree of the lower pressure regulating valve 


130 is decreased to be smaller than that of the upper 
pressure regulating valve 122, or that the lower pres- 
sure regulating valve 130 is set to a predetermined 
opening degree, and the opening degree of the upper 

5 pressure regulating valve 122 is increased to be larger 
than that of the lower pressure regulating valve 130. In 
this case, the ratio of the gas flow (plasma flow) flowing 
toward the upper exhaust chamber 103 increases, as 
shown in FIG. 9B, 

10 In the embodiments shown in FIGS. 1 and 7, there- 
fore, to perform a uniform plasma process for the target 
object W, the optimal opening degrees of the upper and 
lower pressure regulating valves 122 and 130 are 
obtained experimentally or by a simulation, and the 

15 obtained values are set in the controller 128. Only with 
this setting, the gas flow in the processing chamber can 
be optimally controlled by a simple control system free 
from any disturbance. 

The pressure sensor 126 is arranged in the 

20 processing chamber 101 in the embodiment shown in 
FIG. 1, while the pressure sensors 126a and 126b are 
respectively arranged in the upper and lower exhaust 
chambers 103 and 105 in the embodiment shown in 
FIG. 7. However, as the pressure detection means, 

25 pressure sensors may be arranged in all or any one or 
two of the processing chamber 101 and the upper and 
lower exhaust chambers 103 and 105. That is, in the 
present invention, the pressure sensor can be arranged 
at any location of the processing apparatus in order to 

30 optimize the gas flow in the processing chamber 1 01 as 
far as the gas flow in the processing chamber 101 is 
associated with the detection value of the pressure sen- 
sor. 

FIG. 10 is a schematic view showing the arrange- 

35 ment of a plasma etching apparatus as a plasma 
processing apparatus according to still another embod- 
iment of the present invention. In FIG. 1 0, the same ref- 
erence numerals denote parts corresponding to those 
in the embodiment shown in FIG. 1 , and a description 

40 thereof will be omitted. 

As for the evacuation system, in the embodiments 
shown in FIGS. 1 and 7, one evacuation pump is con- 
nected to each of the upper and lower exhaust cham- 
bers 103 and 105. Instead of this, for example, one 

45 evacuation pump may be branched into two systems, 
which are respectively connected to upper and lower 
exhaust chambers 103 and 105. Alternately, a plurality 
of evacuation pumps may be connected to the upper 
and lower exhaust chambers 103 and 105. When a 

so higher effective exhaust rate is required, two evacuation 
pumps P1 and P2 can be connected to the lower 
exhaust chamber 105, while one evacuation pump P3 
can be connected to the upper exhaust chamber 103, 
as shown in FIG. 10. In this case, the three evacuation 

55 pumps P1 to P3 are driven synchronously or selectively. 
As for the gas supply system, in the embodiments 
shown in FIGS. 1 and 7, only one gas supply system for 
supplying the processing gas through the gas supply 
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holes 104 formed in the upper electrode 102 of the 
processing chamber 101 is arranged. However, accord- 
ing to the present invention, a plurality of gas supply 
systems may be arranged to supply a gas from a plural- 
ity of portions into a processing chamber 1 01 . With this 5 
arrangement, even when the capacity of the processing 
chamber 101 increases along with increases in diame- 
ter and size of the target object, a sufficient amount of 
processing gas can be uniformly distributed in the 
processing chamber 101. From this viewpoint, in the w 
embodiment shown in FIG. 10, another gas supply sys- 
tem 150 is arranged in addition to the gas supply sys- 
tem shown in FIG. 1 . The gas supply system 150 has a 
gas supply path 152 arranged around the outer side 
wall of the processing chamber 101. Therefore, the 15 
processing gas can be introduced into the processing 
chamber 101 also through processing gas supply holes 
154 formed in the side wall of the processing chamber 
101. 2. 

Although the RF power supply is connected to only 20 
the lower electrode 114 in the embodiments shown in 
FIGS. 1 and 7, the present invention is not limited to 
these embodiments. For example, the present invention 
is applicable to a plasma processing apparatus in which 
an RF power supply is also connected to the upper elec- 2s 
trode, and RF powers having different phases can be 
supplied to the upper and lower electrodes to control the 3. 
plasma density. 

The above embodiments exemplify the apparatus 
for etching a silicon oxide film (Si0 2 ) on the surface of 30 
the semiconductor wafer. However, the present inven- 
tion is not limited to these embodiments, and can be 
constituted as an apparatus for performing another 4. 
etching process. The apparatus to which the present 
invention is applicable is not limited to the etching appa- 35 
ratus for performing etching, and the present invention 
is applicable to apparatuses for performing various 
processes, e.g., ashing, sputtering, and CVD process- 
ing, for the target object by using the plasma. Further, 
the target object is not limited to the wafer, and the 40 5. 
present invention is applicable to processing of an LCD 
substrate. 

Although the preferred embodiments of the present 
invention have been described with reference to the 
several views of the accompanying drawing, the present 45 6. 
invention is not limited to the above arrangements. Var- 
ious changes and modifications of the present invention 
wilt be apparent to those skilled in the art within the 
technical scope described in the following claims, and 
also belong to the technical scope of the present inven- so 
tion. 


a work table (114) having a support surface 
(1 14a) for supporting said target object in said 
processing chamber; 

upper and lower exhaust systems (103, 124; 
105, 132) for exhausting a gas from said 
processing chamber, and evacuating an inte- 
rior of said processing chamber, said upper 
and lower exhaust systems flowing gas in said 
processing chamber upward and downward, 
respectively; 

a gas supply system (107, 108) for supplying a 
processing gas to said processing chamber; 
and 

an electric field generator (102, 114, 117) for 
generating, in said processing chamber, an 
electric field for converting said processing gas 
into a plasma through discharge. 

An apparatus according to claim 1 , characterized in 
that said upper exhaust system has an upper 
exhaust chamber (103) arranged above said 
processing chamber, and a plurality of upper 
exhaust holes (112a) formed in an upper partition 
plate (112) between said processing chamber (107) 
and said upper exhaust chamber (103). 

An apparatus according to claim 2, characterized in 
that said gas supply system has a supply port (104) 
which opens above said work table (114), and said 
upper exhaust holes (112a) are arranged to sur- 
round said supply port. 

An apparatus according to claim 3, characterized in 
that said gas supply system comprises a shower 
head (107) arranged above said work table (114), 
and said shower head has a diffusion plate (1 02) in 
which a plurality of supply holes (104) functioning 
as said supply port are formed. 

An apparatus according to claim 4, characterized in 
that said upper partition plate (112) and said diffu- 
sion plate form one ceiling plate for defining a ceil- 
ing (102) of said processing chamber. 

An apparatus according to claim 5, characterized in 
that said processing chamber (101), except for said 
support surface (114a) of said work table (114), is 
defined by a central casing part (CC) having an 
integrally continuous inner wall surface exposed in 
said processing chamber, and a potential on said 
inner wall surface is set substantially uniform. 


Claims 

1. An apparatus for processing a target object (W) ss 
using a plasma, characterized by comprising: 

an airtight processing chamber (101); 


7. An apparatus according to claim 6, characterized in 
that said upper exhaust chamber (103)and said 
shower head (107) are airtightly formed by said 
central casing part (CC), and an upper casing part 
(UC) which is separably combined with said central 
casing part. 
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8. An apparatus according to claim 3, characterized in 
that said lower exhaust system has a lower exhaust 
chamber (105) arranged below said processing 
chamber (101), said lower exhaust chamber has a 
gate (119) for loading/unloading said target object 5 
(W) therein/therefrom, and said work table (114) 
can vertically move to move said support surface 
(114a) between a lower position in said lower 
exhaust chamber and an upper position in said 
processing chamber. ro 

9. An apparatus according to claim 8, characterized in 
that said lower exhaust system has a plurality of 
lower exhaust holes (1 18a) formed in a lower parti- 
tion plate (1 1 8) between said processing chamber 15 
(101) and said lower exhaust chamber (105). 

1 0. An apparatus according to claim 9, characterized in 
that said processing chamber (101), except for said 
support surface (1 14a) of said work table (1 14a), is 20 
defined by a central casing part (CC) having an 
integrally continuous inner wall surface exposed in 
said processing chamber, and a potential on said 
inner wail surface is set substantially uniform. 

25 

11. An apparatus according to claim 10, characterized 
in that said lower exhaust chamber (105) is air- 
tightly formed by said central casing part (CC), and 
a lower casing part (LC) which surrounds said work 
table (114) and is separably combined with said 30 
central casing part. 

12. An apparatus according to claim 1, characterized 
by further comprising a controller (128) for inter- 
locking said upper and lower exhaust systems. 35 

13. An apparatus according to claim 12, characterized 
in that said controller (128) controls said upper and 
lower exhaust systems to keep a difference in 
exhaust amounts between said upper and lower 40 
exhaust systems constant in performing a process. 

14. An apparatus according to claim 13, characterized 
in that said upper and lower exhaust systems 
respectively have upper and lower pressure regu- 45 
lating valves (122, 130), and said controller (128) 
controls said upper and lower exhaust systems to 
keep a difference in opening degrees between said 
upper and lower pressure regulating valves con- 
stant in performing a process. so 

15. An apparatus for processing a target object (W) 
using a plasma, characterized by comprising: 

an airtight processing chamber (101); ss 
a work table (114) having a support surface for 
supporting said target object in said processing 
chamber; 
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an exhaust system (103, 124; 105, 132) for 
exhausting a gas from said processing cham- 
ber, and evacuating an interior of said process- 
ing chamber; 

a gas supply system (107, 108) for supplying a 
processing gas to said processing chamber; 
and 

an electric field generator (102, 114, 117) for 
generating, in said processing chamber, an 
electric field for converting said processing gas 
into a plasma through discharge, 

wherein said processing chamber (101), 
except for said support surface (1 14a) of said 
work table (114), is defined by a central casing 
part (CC) having an integrally continuous inner 
wall surface exposed in said processing cham- 
ber, and a potential on said inner wall surface is 
set substantially uniform. 

16. An apparatus according to claim 15, characterized 
in that said inner wall surface is formed substan- 
tially smooth. 

17. An apparatus according to claim 15, characterized 
in that said exhaust system comprises upper and 
lower exhaust systems (103, 124; 105, 132) for 
flowing gas in said processing chamber upward 
and downward, respectively. 

18. An apparatus according to claim 17, characterized 
in that said upper exhaust system has an upper 
exhaust chamber (103) arranged above said 
processing chamber (101), said gas supply system 
has a shower head (107) arranged above said work 
table (114), and said upper exhaust chamber and 
said shower head are airtightly formed by said cen- 
tral casing part (CC), and an upper casing part 
(UC) which is separably combined with said central 
casing part 

19. An apparatus according to claim 17, characterized 
in that said lower exhaust system has a lower 
exhaust chamber (105) arranged below said 
processing chamber (101), said lower exhaust 
chamber has a gate (119) for loading/unloading 
said target object (W) therein/therefrom, and said 
work table (1 1 4) can vertically move to move said 
support surface (1 14a) between a lower position in 
said lower exhaust chamber and an upper position 
in said processing chamber. 

20. An apparatus according to claim 19, characterized 
in that said lower exhaust chamber (105) is air- 
tightly formed by said central casing part (CC), and 
a lower casing part (LC) which surrounds said work 
table (114) and is separably combined with said 
central casing part. 
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(54) Plasma processing apparatus 

(57) A plasma etching apparatus (100) has a central 
processing chamber (101), an upper exhaust chamber 
(103) thereabove, and a lower exhaust chamber (105) 
therebelcw. The processing chamber (101), the upper 
exhaust chamber (103), and the lower exhaust chamber 
(105) are airtightly formed by a central casing part (CC), 
an upper casing part (UC), and a lower casing part (LC) 
which are separably combined. The upper and lower 
exhaust chambers (103, 105) are respectively con- 
nected to upper and lower exhaust pumps (124, 132). A 
susceptor (114) having a support surface (114a) for 
supporting a target object (W), and an upper electrode 
or shower head (102) opposing it are arranged in the 
processing chamber (101). A processing gas spouted 
through the shower head (102) flows upward and down- 
ward toward the upper and lower exhaust chambers 
(103, 105) via the processing chamber (101). 
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